Phenotypic plasticity evolves to maximize fitness in variable environments 5, 6 . It has been proposed that behaviour is an especial aspect of the phenotype and can initiate new directions of evolutionary change because it is labile and can be modified abruptly without the necessity of genetic change 2, 3 . In isolation, mate choice patterns in populations can evolve independently from each other as a result of random or adaptive
Here we show that the population-characteristic male courtship behaviour of a fish (Girardinichthys multiradiatus) is modified in the presence of females from other populations, that this is due to the males responding to subtle cues from females, and that they fail to emulate the female's population-characteristic behaviour. We conclude that plasticity has led to the creation of local dialects in the courtship pattern that hampers communication between heterogametic individuals and promotes pre-mating isolation.
Phenotypic plasticity evolves to maximize fitness in variable environments 5, 6 . It has been proposed that behaviour is an especial aspect of the phenotype and can initiate new directions of evolutionary change because it is labile and can be modified abruptly without the necessity of genetic change 2, 3 . In isolation, mate choice patterns in populations can evolve independently from each other as a result of random or adaptive 2 differences in the trajectory of males' traits 7 and females preferences. As a consequence, the pattern of courtship of males becomes a sign of local identity 8 . Thus the pattern of courtship can be used by females as a signal indicating that males are adapted to a particular environment, and females can increase their fitness by choosing local males to mate with 9 . Because a mistake in the identification of the males' courtship can imply an increase in the cost of reproduction, females are being pressed by sexual selection to mate with the appropriate males. Through frequency-dependent selection, developmental plasticity may generate divergence and contribute to the evolution of reproductive isolation. Male courtship behaviour evolves to capture female attention, thus attracting potential partners and facilitating mating. Courtship can vary between populations within the bounds permitted by the environment 10, 11 . This variation can be the result of 1) selection acting on congenital variants, or 2) phenotypic plasticity, like song or display learning 12 .
Girardinichthys multiradiatus is a viviparous fish from Central México with an elaborated courtship pattern and effective female mate choice 8, 13 . In a previous work we found that males of this species showed geographic variation on sexual behaviour 8 , therefore, here we evaluated whether this variation was a consequence of communication failure between heterogametic individuals during courtship. As a preliminary step we re-analysed data published elsewhere 8 and determined that the tendency to perform different elements of the courtship sequence varies predictably between males from five populations. Moreover, the male courtship sequences are associated with their population of origin with substantially greater accuracy than expected by chance ( Table 1 ), suggesting that males of all populations have developed a particular pattern of courtship. We then evaluated whether female choice was responsible for this geographical variation. We recorded female behaviour during courtship, and found that females respond differently to the courtship from heterogametic males than that from their own males (Table 2 ). Finally we compared the 3 courtship style of males when encountering females from their own populations with the courtship they display when facing females from other populations in order to investigate whether males' courtship sequence was influenced by the behaviour of the females to which it was directed [13] [14] [15] . We found that males' courtship to females from their population significantly differed from the courtship showed to heterogametic females (Table 3 ). These results indicate that males are capable of recognizing homogametic from heterogametic females and adjust their courtship depending on each females' behaviour.
We suggest that when males court allopatric females they evoke unfamiliar patterns of female responses, causing males to modify their courtship style. This behavioural modification demonstrates that courtship in the Amarillo fish is plastic, even if the adjustment is insufficient to establish appropriate communication with heterogametic females. Such signal mismatch is characteristic of bird song dialects, whose origin is unknown 17 . In the Amarillo fish local variation in courtship style may be ultimately due to different environmental constraints such as water turbidity or type of predators 18 , but may arise through behavioural plasticity which enables fish to adjust their courtship patterns and become more efficient in their particular environment, giving rise to population-specific courtship styles.
If males are plastic in their courtship behaviour, why then were they unable to adjust their behaviour (using the females' feedback) so as to emulate the courtship style of the female's population? The reason is unlikely to be simply the cost of plasticity 19, 20 as they did modify their courtship style. What seems to be the case is that both male courtship style and female responses to this have co-diverged within populations, so that males encountering unexpected female reactions adjusted their behaviour as they would have done if a homogametic female had changed her behaviour,. Our data are thus compatible with the idea that populations of the Amarillo fish have courtship dialects 4 evidenced by differences in 1) male courtship style, 2) female reactions to male courtship elements, and 3) male reactions to female behavioural feedback. These findings support the idea that phenotypic plasticity is capable of originating reproductive isolation between allopatric populations.
Methods
We collected 270 males and 270 females from 5 allopatric populations along the range of distribution of this species 11 . Fish were taken to the laboratory and placed in 40 l tanks where they were fed with commercial flakes twice a day and were exposed to a 12h light photoperiod. After 15 days fish were separated by sexes and they were placed into individual plastic containers. This procedure not only allowed us to identify the fish individually but as previous work had shown, let us also increase the motivation of the fish to court.
In order to study the geographical variation in the courtship of males, we 
